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INTRODUCTION. 

The marvelous development of aviation finds no better 
illustration than the fact that, within 15 years of the tinie 
when flyin in heavier-than-air machines was proved to 

earnest attention of many of our niost ambitious aviatois. 
During the past few months lans for the realization of 

concrete form, and there is every reason to believe that, 
within a short time, trans-Atlantic flight will have 
become an accomplished fact. Much has been written on 
this subject in the various aviation and other perioclicds, 
but these discussions have for the most >art dealt with 
the mechanical problems involved, indudina engine per- 
formance, endurance, fuel capacity, etc. C&iparatively 
little has been written relative to the meteorological 
aspects of the project, although there are some ewe 
tions, specific reference to which will be made later. !& 
is true that improvements in aircraft may eventually 
result in making them less dependent upon weather con- 
ditions than at present, but it is not likely that the tinie 
will ever come when a knowledge of atmospheric condi- 
tions and changes can not be used to advanta e by the 

weather conditions along a course as great as any of those 
that may be selected for crossing the Atlantic should be 
known as accurately as ossible, in order that the aviator 

is, therefore, briefly to present (1) a statement giving the 
present state of our knowledge relative to average surface 
meteorologicd conditions over the North Atlantic; (2) a 
similar statement as to free-air conditions; and (3) an 
analysis showing the assistance that may be rendered by 
the winds, provlding an aviator, with this in mind, care- 
full selects his time for flight. 

Afore taking up these oints in detail a few words 

quently proposed for the trip from America to Europe 
and return are (a) Newfoundland to Ireland and ( 6 )  New- 
foundland to the Azores, thence to Portugal. Another 
sug estad route is from Labrador to Scotland, via Green- 

the others is the shorter distance between successive land- 
ing points. Among its disadvant ea are: Lower tem- 

be ractica % le, trans-Atlantic flight has become one of the 
lea $ ing topics in the daily press and is receiving the 

this ambition have more an c r  more assumed a definite, 

aviator. Ce r t ad  a t  the present time, with t i? e limited 
cruising radius o 9 even the highest powered machines, 

ma know beforehand % is “margin of safety” and may 
ma l e his plans accordingly. The purpose of this paper 

should be said as to possi x le routes. Those most fre- 

lan % and Iceland. The only advantage U€ this route over 

peratures than over the routes fart 5 er south; difficulty 
112533-1-1 

of roviding suitable landing places in Greenland and 

winds, since this route lies to the north of the region o 9 lished; greater probahity of cloudiness and of opposin 

greatest storm frequency; difficulty, if not impossibility, 
of securing meteorological data a t  the time of fight; and 
remoteness froni steamship routes and, t-herefore, miprob- 
abilit,y of rescue in case of accident (cf. 30). Inasmuch 
as airplanes of sufficient power and capacity have been 
develo ed for fl in a distance a t  least as great as that 

route will be given no further consideration. 
For the return tri from Europe to America there have 

hem proposed, in ad1ition to the two already mentioned, a 
route from Portugal to northern Brazil, Guiana, or Vene- 
zuela (I  ; and one from Portu a1 to the Lesser Antilles (2). 

to be made by means of relatively slow-travehng airships 
or dirigible balloons. For the eastward ourne they 
were to go direct from Newfoundland to ji-elanx thus 
addine to the inherent speed of. the airship the assistance 
furnisRed by the prevailing westerlies. In returning, 
however, the wind resistance offered would be so great as 
to make the journoy haz.wdous and on a large ercent e 
of days impossible. The southern routes wou P 3  d not o y 
avoid these head winds, but would lie for the most art 

reater distances, therefore, these southern routes offered 
secided advantages for airships or diri ible balloons. In 

assistance furnished by the trade winds would be offset 
in large art, if not alto ether, by the greater distance to 
be trav ep ed. On proper f y selected days the less favorable 
winds along the routes farther north would be more than 
conipensated for b the shorter distances. The several 

figure 1, %ut in the present paper attention will be iven 
only to those between Newfoundland and Irelanfand 
between Newfoundland and Portugal via the Azores. 

Ice f and and of findinm them even if they could be estab- 

from R ewfound i?? an to the Azores the estreme northern 

In these instances, however, t f le .fIight,s contemplated were 

in the region of the northeast tmdes. In spite of t K eir 

the case of high-speed airplanes, on t a e other hand, the 

routes to ether wit K approximate distances are shown in 

1. AVERAGE SURFACE WEATHER CONDITIONS OVER THE 
NORTH ATLANTIC. 

References (3) (4) (5) (6). 

Temperatures.-Temperatures are of interest chiefly in 
connection with their effect on the aviators and upon 
engine performance. In  
monthly and annual 
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FIG. 1.-Diffomnt routes that have been proposed for trans-Atlantic flight. (Distances in kiIometers and statute miles along great ciN'1eS.) 
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Annual and diurnal ranges, as well as those clue to 
abrupt changes in weather, are greatest in Newfouncl- 
land and least in the dzores. Minimum teniperatures as 
low as -25" C. have been observed st&. Johns niicl as 
low as - 5" C. a t  Valentia. Freezing temperatures have 
never been reported in the Azores or a t  Lisbon. Es- 
treme mnsinia do not differ great1 a t  the four places, 
Lisbon showing the highest, 35" 6., and Valentia the 
lowest, 37' C. Over the ocean tlie horizontal tempera- 
ture gradient is fair1 stee in winter from Ncwfound- 
land to longitude 40'W. arong both routes, and practi- 
cally zero from that longitude to Ireland and Portugal. 
During the summer there is a slight rise from Newfound- 

land to lon itude 45" W. over the Azores route; along 

from Newfoundland to Ireland there is practic.al1y no 
chan e. 

Rt7Lti,~w h u m . ~ i ~ ~ ~ . ~ o n i p a r a t i v e l y  little has been done 
in a critical way in the study of humidityconditionsover 
the oceans. Among the most interesting observations 
are those on the British steamship Scotia (7) and on the 
U. S. Const Guard cutter Eeneca (8). These observa- 
tions were made in the late spring and early summer 
months and showed in practically all cases a relative 
humidity above 80 per cent. A large number of obser- 
vations in December, as computed by the marine section 
of tlie Weather Bureau, gave an average value of 86 per 
cent: There seems to be little, if any, variation with the 
seasons, but there is a small variation with latitude, 
values a t  latitude 60" N. averagin5 about 90 per cent, as 
against S5 per cent a t  latitudes 40 to 50" N. 

Clmdiri t-ss.-The average cloudiness along tlie north- 
ern route is about '70 per cent throughout the year. 
This statement is somewhat misleading, so far as avia- 
tion is concerned, inasniuch as fogs are included with 
clouds in arriving a t  this result and, as will be shown 
later, these fogs estend to low altitudes only and the 
aviator would, therefore, oftentimes have a clear sky 
above him, whereas a t  the earth's surface 100 per cent 
cloudiness would be recmrded. It is probable that in 
summer the average cloudiness above the fog level is 

the remain f er of this course and along the entire course 
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about 50 to 60 per cent. Between Newfoundland and 
the Azores it vanes from 65 per cent in winter to 55 per 
cent in summer, and between the Azores and Portugal, 
from 55 to 45 per cent. 

Precipitutiom-Very little is known as to the aniount 
of preci itation over the North Atlantic Ocean. Data 
am avafable, however, for the ad'oining coasts and these 

foundland; 100 on the west coast of Ireland and in the 
Azores; and about 70 in southern Portugal. According 
to Supan (4) the average is about 200 cni. over the 
greater portion of the Newfoundland-Ireland route, and 
over part of the region between Newfoundland and the 
Azores; from the latter to Portugal the mean value is 
probably about 100 cm. Precipitation normally occurs 
on about 160 days in Newfoundland; 200 in Ireland; 
170 at the Azores; and 100 in Portugal. Over the ocean 
it probably occurs on about 300 to 350 days along 
the northern route and on about 150 to 200 days along 
the southern route. In  all regions precipitation is great- 
est in amount and frequency in winter and least in 
summer. 

Fog.--One of the most serious obstacles to trans- 
Atlantic flight appears to be the large ercentage of days 

This amounts in the regions southeast and east of New- 
foundland to about 60 per cent in summer and about 20 
to 35 per cent in winter, the frequency in the latter season 
being greatest to the southeast. Near the Irish coast it  
varies from about 10 per cent in summer to 5 per cent in 
winter. Fogs rarely occur near the Azores or between 
them and Portu al. In general the Newfoundland fogs 

from the Gulf Stream regions over the colder watexv of the 
Labrador Current. Another and, according to C'apt. 
Campbell Hepworth, the commonest kind of fog encount- 
ered in this part of the Atlantic is a calm-weather fog of 
small vertical estent in which the sea is slight1 warmer 
than the air. In discussing this henomenon r',ylor (7) 

water there is no appreciable tendency to dissipate it or 
that, under certain cmumstances, warm water under cold 
air tends to produce a fog in some other way than that 
with which we are familiar and that this effect balances 
the tendency of warm water to dissipate a fog produced 
by cooling." Probably such fogs are of a temporary 
nature, having alread been formed under the usual 

temperature than their own. They occur only during 
calm weather and quickly disperse as soon as a breeze 
seta in. 

PTessure.-Pressure distribution over the North At- 

known as the "Horse Latitudes ' 
JXIQH near the Azores; and a belt of low pressure a t  about 
latitude 60" N. with lowest values in the vicinity of Ice- 
land. Because of the relative warmth of the ocean and 
the adjacent continental areas during the different 
seasons, the Azores HIGH is best developed in summer 
and the Iceland LOW in winter. The seasonal difference 

indicate an annual amount of a 2, out 140 cm. in New- 

on which fog occurs, particularly near t P le American coast. 

occur as the res 3 t of warm moisture-laden winds blowing 

concludes "either that when a P og blows over warmer 

conditions, but later i lown over water with a higher 

described as coilsis ting essentially 

35" N., with a semipermanent 

and northeast in winter, under the influence of the Ice- 
land LOW. From the Azores to Portugal they turn south- 

ward in summer around the Azores HIGH, but are nearly 
west to east during the winter. 

Wind.-As a result of the pressure distribution, thus 
briefly outlined, winds in summer are from a west- 
southwesterly direction, with a mean velocity of 8 m. p. s., 
a t  all oints along the northern route; in winter they are 
westery, Y with a slight north coniponent, i. e., a com- 

onent T O I ~  the north, mean velocity about 10 m. p. s., 
Prom Nf ewfoundlaiid to longitude 45" W. Farther east 
they have a strong south component, becoming south- 
westerly near the British Isles. The mean 
this section of the course is 10 to 15 ni. 8' 
between longitudes 45" and 20" W. 
course winds in summer are southwesterly, S ni. p. s., to 
lon itude 40" W.; variable and light thence to the Azores; 
an f northerly, S m. p. s., between the Azores and Portu- 
gal. In  winter the are west-northwesterly, 10 m. p. s., 
to longitude 40" d; westerly, 10 to 12 m. p. s., thence 
to the Azores; and west-southwesterly, 10 m. p. s., be- 
tween the Azores and Portugal. The percentage of 
winds from a westerly direction, i. e., between north- 
northwest and sou tli-southwest, varies along the northern 
route from about 85 in winter to 70 in sumnier: near the 
Azores, from 75 to 65; and from the Azores to Portugal, 
40 to 30. In the last-named region winds from all direc- 
tions are about equally frequent in winter, but in summer 
northerly winds predominate. 

QnZes.-Practical1 all of the cyclonic disturbances that 

place of origin, enter the North Atlantic Ocean slightly 
to the south of Newfoundland, moving thence east- 
nortlieastward toward the Iceland LOW, and thus crossin 
the northern route roughly between longitudes 30" an 
40' W. These stornis vary considerably in size, intensity, 
and rate of travel. In general, they are larger and travel 
more slowly over the ocean than over the continenta. 
They are, moreover, more frequent, more intense and 
faster moving in winter than in summer. In  their move- 
ments across the Atlantic, the more intense cyclones are 
often accompanied by gales having a velocity of more 
than 30 m. p. s., the directions of these ales depending 

made. T R U ~ ,  considerin a typical case, viz, a well- 
developed LOW leaving d w  England and passing south 
and eventually east of Newfoundland, we should expect 
to have a t  the latter place gales successively from the 
east, northeast, north, northwest, and west. Along the 
Ireland route the percentage of days on which such gales 
occur varies in general from about 25 in winter to 5 in 
summer. In winter they are often accompanied by 
violent snow squalls. From Newfoundland to the Azores 
the percentage fre uency of gales is about 20 in winter 

and 1,  res ectively. 
TTopicnf cycZonps.-Tropical cyclones, or hurricanes, 

occur only in the summer and autumn months, reachin 

October. The average number in each year is only about 
3 to 5. These storms generally originate in the region 
between the West Indies and the northern coast of South 
America, whence they travel slowly northwestward, then 
northward, to the southeastern coast of the United States. 
From this re ion they usually move northeastward alon 

cyclones. So far as trans-Atlantic flight along the two 
courses under consideration is concerned, the aviator 
need therefore feel no more anxiety from hurricanes than 
from the areas of low pressure that originate in different 

and enter the Atlantic Ocean 
fmm the St. LawrenceTalley. 

move across the uy nited States, no matter what their 

! 

upon the art of the storm in which the o g;J servations are 

and 3 in summer; 9 rom the Azores to Portugal, about 7 

their greatest frequency in August, September, an % 

f the coast an f assume the characteristics of extratropica 

ortions of this count 
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On this subject there is but little information available, 
so far as actual observations are concerned. The fol- 
lowing discussion is, therefore, based for the most part 
on numerous free-air observations that have been made 
over the eastern portions of the United States and 
Canada and in different parts of Europe, and an effort is 
made to apply these results to the air over the ocean, 
bearing in mind the relative effec,ts of land and water 
surfaces on the distribution of the meteorological ele- 
menta above them. 

Tem mature.-Individual observations over land sur- 

variations in temperature gradients, from a strong y 
inverted condition to nearly (sometimes slightly esceed- 
in@ the adiabatic rate. The diurnal phase, so character- 
istic of surface tem eratures, disap ears at a low altitude, 

reversal, due probably to the greater absorption of 
terrestrial radiation in those levels at ni h t  than during 

air than at  the surface, with the result that in winter 
there is on the average little change in temperature from 
the surface to a height of about 1 kilonieter above it, 
whereas in summer a decrease of about 6 O  C. OC~UI'S. In  
general, it may be said that the lower the surface teni- 
peratures, as compared with the seasonal normal, the 
smaller is the rate of decrease with altitude. In  other 
words, during cold waves with clear skies and especially 
during the early morning hours, inversions alniost 
invanably occur. During cloudy weather, i. e., low 
clouds, temperatures generally decrease from the surface 
to the cloud layer and increase slightly for a short 
distance above it. 

In the application of the foregoing statements to the 
free air above the ocean it is important to recognize 
certain fundamental differences between land and wet.er 
surfaces in their absorption and radiation of heat. 
Water surfaces reflect about 40 per cent of t.he insolation 
that reaches them and absorb the reniaining 60 per cent. 
Much of the heat thus absorbed is, however, used in 
evaporating the water and some of the reniainder is 
distributed both verticdly and horizontally by the con- 
stant movement of the water and by the enctration of 

surface and therefore the air in contact with i t  maintains 
a relative1 constant temperature. Land areas, on the 

there is but little eva oration. The specific heat of land 
is low and moreover t % ere is no movement, as in the case 
of water, whereby the heat received can be convectionally 
distributed either horizontally or vertically. Hence, 
land areas become strongly heated during insolation and 
similar1 cooled in its absence. 

any one.loc.ality at sea is seldom greater than 1' C. I n  
general it is probable that the change is not much larger 
in the free air above the ocean, escept that, in the case of 
coastal waters, winds blowing offshore would bring their 
characteristic diurnal variations of temperature with 
them. As has already been stated there is in winter 
considerable change in surface temperatures from New- 
foundland eastward. This is due partly to the effect of 
the cold winds blowing off the American continent and 
partly to the difference in temperature of the Labrador 

7 faces s E ow, in the lower layers of the atmosphere, lar e 

and at higher leves Y in clear weat ?I er there is usually a 

the day. The annual variation is also ei ess in the free 

the light rays to lower levels, the result f eing thtit the 

other han d , reflect and transmit very little insolation and 

The B iurnal variation of temperature at the surface in 

Current and the Gulf Stream. I n  the free air this dif- 
ference largely disappears. Observations on the Seneca 
invariably showed a sharp inversion above the cold 
Labrador Current and the coastal waters, whereas a 
temperature decrease of 0.5O to 0.6' C. per 100 meters 
was found above the Gulf Stream. Summarizing, then, 
we should expect to find a t  1 kilometer above the sea 
a prosimately the conditions as set forth in Table 2. 
&e suninier months include June, July, August, and 
Se teniber and the winter months, December, January, 

the other during spring and autumn are gradual. 

TABLE 2.-Probable h p m t i c r t !  coizditiom, 'C., ut 1 kiiometer above am 
in difirmt portiom of the North Atln,&tic. 

Fe R niary, and March. Transitions froni one group to 

Ire,md. Between Azores and 
Portugal. 

It must be distinctly understood that these figuv-are 
merely estimates; they are the netirest to actual conditions 
that we can et ats the present time. Considered with 

in Table 1, they indicate that a t  an 
altitude of 1 kilonieter temperature changes along both 
routes mould be less than a t  the surface, that rarely would 
tempera.tures be nuich below freezing along any part of 
either route, and that in summer a trip would be attended 
by mild and comfortable teniperti tures throughout. The 
fogs off the coast of Newfoundla.nd should cause no con- 
cern in this respect, for, ns will shortly be shown, t.liey are 
low-lying, and above them temperatures are higher than 
a t  the surface. 

Htmi~7ity.-Over land arms relative humidity gen- 
erally dec.renscs with altitude during clear weather or 
when only high douds of the cirrus type are present. As 
a. rule, i t  fa~lls to about 50 per cent nt an altitude of 1 
kilometer, but occasionally ns low as 30 per cent. When 
there are low clouds, the humidity remains high to the 
u >per liniits of the cloud layer and decreases rapid1 

the a-verage dec.reqsc with height is not large, amounting 
to only about, 10 per cent from the surface to 1 kilometer 
above it. It is greatest in winter and least in summer. 
At altitudes greater thaa 1 kilometer the relative humid- 
ity rema.ins practically const+int. above the ocean, due 
to tshe higher humidities a t  the surface, this decrease is 
probably larger, nniounting on the itvera e to 30 or 30 

esceedingly low va.lues a t  siltitucles of loss than a kilo- 
met.er, even with dense fog a t  the surface. In general, 
i t  is probable that an aviator flying a t  an altitude of 
about 1 kiloniet.er would experience donu the northern 
r0ut.e humidities of 50 to 60 per cent in &ear weather or 
when only high cloucls are present and about 80 to 100 
per cent in weather with low-lying clouds. Along the 
southern route somewhat lower humidities than 50 per 
cent would prevail during clear weather, but with over- 
cast skies they would be about the same as along the 
northern route. 

Heig7d offog.-There is every reason to believe that in 
the great majority of cnses fogs extend to a low altitude 
only, above the sea. This is clearly shown in the kite 
records obtained on the Scotia (7) and on the Seneca (8). 
The top of the fog is very definite, and above it the 

reference to tiosc Ei 

a fl ove it. When all c,ondit.ions of weather nre considerel 

per cent. The Scotia observations showe f in some cases 
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relative humidity dec,reases rapidly. The temprature 
usually increases from the surface to the top of the fog 
and decreases above it. Out of nine kite records in fog 
obtained 011 the Scotifi only one showed fog estentling to 
a height greater than 300 meteis, the average being about 
150 meters. The one exception was due to long-con- 
tinued blowin of warm air over successively colder arms, 

of less than 000 mete?. Ten kite flights in fog were made 
from the deck of the Sen.cca, and the temperature gmdi- 
enta indicate that in only one did t,he fog estend to a 
height greaber than 35.0 niet.ers. 111 the one csception i t  
is impossible to give tlie emct hei h t  of t,he fog, ns no 
humidity values were obtained ; E ut t>he temperature 
record indicated an nltit!iide of about. 950 meters. In 
their studies of fog atr sen during this and ot.lier cruises on 
the Senecfi., Wells niid Thuras (18) rea.cl1e.d the sa.nie coii- 
elusion with respect to it.s height, this conc.lusion beillg 
based upon the fact that there is ne:i.rly always a higher 
temperature a t  the top of the rua.st than on the ship's 
deck and that, if this temperature increase cont,inues t.o 
greater heights (and kite records show this to he true), n 
point must soon be reitched a t  which fog is impossible. 
Additional testimony from local observers, in support of 
these conclusions, is con tained in a, recently prin tetl report 
of the British civil aerial transport committee. This re- 
port was ublished in Englnnrl during. the latter part of 

MONTHLY WEATHER REVIEW, 
Win&.-Observations with kzf' and bnlloons in this 

country and in Europe have brought out tlie following 
facts with res1)ec.t to average free-air wind conditions : 
Velocities are sli h tly greater a.t all a1 ti tudes in America 

general tendencies a.re shown in both countries, viz, a 
rapid increase, amounting to veiy nearly 100 per cent, 
from the surface to about 500 met.ers above it; practically 
constant velocity in summer and a smdl increase in 
winter from the 500 to the 1,000 iiieber levels ahove the 
surface; and a steady increase in both seasons, but venter 
in winter tha.n in summer, from the 1,000-meter level 
above tahe surface to great.er altitudes. The mean sea- 
sonal difference is about l m. p. s. a t  the surface and 2 to 
4 m. p. s. at an altitude of 1 kilometer. Moreover, d l  
observations show t.hnt the increase in wind velocity from 
the surface to 500 niebers above i t  is practically tlie same 
for all directions of wind, but tha.t a t  higher levels winds 
from an easterly direction rapidly diminish in strengt.11, 
whereas those from a westerly direction gradually increase. 
The easterly winds usually die out altogetlier before an 
altitude of 2,000 meters is reached am1 a t  higher levels 

The shifting from one type to westerly winds 
the other is USUQ ly, nearly always, c.lockwise with surface 
winds from ea.st to south and as a rule counterclockwise 
with surface northeast to north winds. The amount of 
the turning is directly related to the angle of deviation of 
the surface wind direction from that of the prevailing 
westerlies. 

Winds, as is well known, tend to flow at right angles to 
the direction in which the pressure gradient acts, i. e., 
parallel to the isobars. Owmg, however, to friction nnd 
eddies, the direction of motion of the surface wiiicl is 
nearly always inclined to the isobars. The amount of 
this iiiclination is greatest in anticyclonic and least in 
cyclonic systems, the average value on land surfaces 
being about 30'. Inasmuch as these disturbin influ- 

but, even in t % is case, the top of the fog. was a t  (t height 

191S, rn c f  is briefly renewed in this number of tlie 

than in Europe, 5 u t  aside from this difference the same 

. 
TreVail 

eiices largely disappear in the free air, we shoul d expect 

the winds invariably to wer  with altitude.' That there 
are escephns to this is due to t,he unequal vertical dis- 
tribution of temperature that often obtains in adjacent 
localities, thus producing in the free air isobaric systems 
decidedly different from those at  the surface. 'Never- 
theless, in general it is found that tho winds at  an elti- 
tude of 1 kilometer follow rather closely t.he direction 
of the surface isobars. This means that on the avera e 
they Teer about 30' from those near the ground. Tfe 
case is soniewliat different over tlie oceaii. Here there 
is lcss friction, less cuirvection, niicl there are iio topo- 
graphic int.erfc;reuces at! all comparable with those on 
land. Hence we should expect to find t.he winds even 
at  the surfnce 1)lowing more nearly parzdlel to the isobar!, 
and an inspection of niitriiie synoptic wenthar maps indi- 
cat.cs tlint this is true? the average incliiintion being about 
10'. This nieniis that the veeriiig of winds with altitude 
is itbout 30' less over oceaii t1iri.n over land surfaces. 
In n siniilnr ninnner velocities itre affected, wit,li the 
result, that t,liey are higher on the sen than on land, that 
is, they more iienrly aplwoacli true p d i e i i t  velocities. 
I t  hiis ailready been stat,ed that observations show above 
land itn incrense of about, 100 per cent in velocity within 
tlie first 500 to 1,000 meters. Now, surface winds at 
sen nre nearly twice as strong as those on land. Hence 
the iiicrense with nlt.itude over the sen is much less than 
over tlie land. In other words, n trans-Atlantic aviator 
would not need to fly tiis high ns would a trans-continen tal 
iiviator in order to derive the greatest possible assistance 
from the winds; and, cmversely, in the case of opposing 
winds there would be less advantage in flying at n low 
altitude over the ocean than o ~ e r  the lryd. Whatever 
the wind direction, whether favorable or unfmorable, 
flying at  low lerels above the sea would be less dan erous 
than at  similar levels abos-e the h i d ,  because t. % e air 
t.liere is less turbulent or "bumpy," as it is sometimes 
called. 

In the foregoin- discussion an attempt has been made 
to present in briei'forni :t geiieral review of arora e con- 
ditioiis both n t  the surface and in t,he free air. Asiowl- 
edge of these is of interest and iniportniice to an ariator, 
but should be used with caution, for svera.ge conditions 
seldom occur and they would scarcely ewr  prevail at  
all oints along n route as great as that from America 
to P .urope. We now come, therefore, to the third part 
of the paper, iiamely: 

3. T H E  ASSISTANCE THAT MAT BE RENDERED BP THE 
WINDS, PROVIDING A N  AVIATOR, WITH THIS I N  MIND, 
CAREFULLY SELECTS HIS TIME FOR FLIGHT. 

In order to determine, under given conditions of wind, 
the directioii toward which an nirplnne should be headed 
in order that it may keep t,o any desired course, and the 
resultant speed don- that course, it is only necessary 
to resort to that e?ementary principle of mechanics, 
applicable to any body moving through a medium 
which itself is in motion, viz, the principle of the compo- 
sition of speeds. For esnniple, in figure 3 let OB repre- 
sent a course which an ntiator desires to follow, and 
OA or S, the speed of the wind, this wind making an 
angle a with the line OB. 

1 This veering with nltftode is at timps visible in the w v  In which the smoke from 
sl.eamers sfreoda. ,F. J. W. Whi ple in 3 note ou '*Wind struetiires at sea" (Y. 0. 
Cirr % Jii y 24 1915) sivs ''The %drence in the karing of the ripper and lower parts 
01 tl;es;nukaclt;d[:r;r;;m;.steaiiier]w.Js aboiit 3' \in aboxt ~)It.dlfferenceolelevation . 
There was no opportunity to estimate thc corresponding angle between the upper dl 
Inwer wind." 



70 MONTHLY' WEATHER REVIEW. FEBRUARY, 1919 

Also, let Sa represent the air speed (i. e., speed in still 
air) of the airpIane. 

Then the an le B which the airplane should make 

course, may be readily computed, since the sines of the 
two angles are inversely proportional to the two speeds, 
or 

with OB, in or d? er that the latter shall be the resultant 

Also, by c.ompleting the parallelogram, we find graph- 
ically the resultant speed, or s,=& cos a+8, cos 8. 
I 

FIG. 2.-Diagnn showing resultant course nnd speed of an airplane nndar the combined 
action of Its own direction and speed and those of the wind. 

To take a ty ical case, su pose the desired course is 

s. (about 22 mi. p. h.); and the air s eed of the 
E. 5" S.; winc Q bearing an8speed are E. 25" N., 10 

mac m- 9; ine is 40 m. p. s. (about 90 mi. p.h.). TR en a=3Oo. 

10 x sin 30" = .1250 
40 sin B= 

B=7', or OC=E. 12"s. 

Also S,  = 10 x COS 30" + 40 S COS 7" 
=45 ni. p. s., or about 107 mi. p. h. 

From the foregoin brief discussion, i t  is evident that, 
with an airplane o f  known air-speed, the successive 
directions toward which the machine should be headed 
and the total distance covered in a given time (or the 
time required to fly over a given course) are quickly and 
easily determined, providing the prevailing wind condi- 
tions are know*nr The great difficulty consists in finding 
out, at  any s ecified time, 'ust what these wind condi- 

large number of places in t.his country with kites carry- 
ing self-recording instruments known as nieteorographs 
and with sniall rubber "pilot" balloons, whose move- 
ments throu h the air are followed by means of theotlo- 

Central Office of the Weather Bureau, and ulletins are 
issued for the information of aviators in the Aerial Mail 
Service, Arm and Navy Aviation Services, etc. An- 

been used in the war and at  ordnance proving grounds, 
is by means of so-called "Archie" bursts, which consist 
of puffs of smoke from a shell, the fuse bein so timed 

ments of these snioke puffs are observed in a grad- 
uated mirror and the wind directions and velocities 
at  the given height are readily computed. When low 
clouds are present several shells are sent above the 
clouds at  stated intervals, usually half a minute apart, 
an airplane of known speed flies from the first smoke 
cloud to the last, and the aviator is thus able quite accu- 
rately to determine the current wind conditions ancl to 
set his compass course accordingly. Still another method 

tions are. &is is being (3 one very successfully at  a 

lites. The f ata thus obtained are telegra hed to the 

other nietho B of determining wind conditions t1ia.t has 

that the shell bursts at any desired altitude. 5 he move- 

E 

used in France during cloudy weather (19) consista in 
sending up small balloons which carry small char es of 

regular intervals. Sound telemeters record the explo- 
sions, and the position in space of the oints of detona- 

coniparatively simple on land; they are less so at  sea, 
yet some of them at least are by no means impossible, 
esce t in very stormy conditions. For esample, a 

made by Teisserence de Bort and A. L. Rotch (20) from 
the deck of their steani yacht Otn,riu. in 1905-1907. The 
ascensional ratc of the balloons wa.s known and the 
angular positions of the balloons were observed by 
means of a sestmt from minute to minute. Moreover, 
the .observat,ions on the Scotia and on the Smaea show 
t h t  kites can be used at! sea with fa.ir success. For 
observations by any of these methods it is advisable 
that the ship remain as nearly 8s possible in one position. 
I-Icncc i t  would be iniprac!ticable, or at  any rate difficult, 
to utilize trans-At,lantic steamships for this purpose. 
The best sr.heme would he to have at  certain intervals 

roposed route several small ships that could 

also be able, by means of radio conimunicntion, to act as 
guides for an aviat,or ancl, in r ~ s e  of atccident, to provide 
a nieans of rescue. I n  order to be successful, t.rans- 
Btlantic flight, at  m y  rate in its earlier stages, should 
wrttxinly have the henefi t. of such assistance. Aside froni 
the uncertainty as to wind conditions there is the added 
tlifficulty of keeping to a course, partly because of the 
deflective influence of the earth's rotation (21) and 

artly hemuse of lark of precision in the conipass itself. 
k i t h  clear skies sestant observations make possible the 
correct determination of position, but in cloudy weather 
the compass is t.he only guicle unless the aviator can fly 
high enough to get above the clouds. Eventually diffi- 
cult,ies of this sort will very likely be overcome by the 
pc.l.fec tion of radio a pclratus of sufficient power to 
cnnble an aviator to Reep in const,ant communication 
with points in both Europe and Bnierica. Even then, 
how-ever, wind condi tions along the course should be 
known as nvcurately ns possible. 

In c:ise free-air ohservtttions are unavailtlhle, t.liere still 
remains t,he possibility of obtaining reports of surface 
condi tions. Such reports could wid should be furnished 
not only lw specially detailed ships but also by those 
regularly plying between American nnd European ports. 
With these observations the meteorologist would be able 
to dmw a synopt,ic weather niap showing. the surface 
conditions of pressure and wind t,hat prevail a t  a given 
time, m c l  from t.his map wind veloc.ities at, mi nltitude of 
500 to 1,000 meters could be quickly determined usually 
with fair accurncy, from the well-known equation for 
gradient winds (22), viz: 

melinite so arranged that they burst successive 7 y at 

tion can be thus determined. All of t E ese methods are 

nota R le series of observations with pilot balloons was 

make an( F report such observations. These ships would 

2, = <$ + (T w sin 412 f r w sin 4, 

in which 21 =velocity in centimeters per second, 
all- difference in dynes pressure per square centi- 
&- met'er per centimeter horizontal distance 

a t  right angles to isobars, 
T = radius of curvature of the isobar a t  the place 

of observation, in centimeters, 
p = nir density in grams per cubic cent.imeter, 

w = angular vclocity of the earth's rotation 
= 8.6.2.6-~- Br 

and += the  latitude, 
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As previously stated, wind directious a t  these altit.udes 
are usudly found to be very nearly parallel to the isobttis. 
When pressure conditions are well defined and rela t i d y  
stable, comparatively small error is introduced in accept- 
ing the foregoing assuni1tions, but when they are very 

squalls, etc., are occmring, theiprinciple of gra.dient winds 
must be used with caution. In general, i t  is more relicthle 
over ocean t h n  over lsiid surfaces, because, ns already 
pointed out, isobaric systems are larger and move more 
slowly over tlie ocenns than they do over the cont>inents. 

It is not sufficient, however, for the aviator to know the 
cu , t~mt  wind conditions. He must rilso be informctl as  to 

irregular or when local c / isturbanccs, like tvhunderstorms, 

For the purpose of illustration let us consider a t pe of 

to trace out the wind conditions a t  an altitude of 500 to 
1,000 meters don a great circle course from Newfound- 

froni Greenwich niean noon, May 39, 1906, to the same 
hour on May 30, 1906. Figure 3 shows the pressure dis- 
t,ribu tion prevailing a t  t.lie heginning of t.liis period and 
figure 4 shows that prevailing nt, the end of the period. 
On blirse maps nre nlso indicated the great circle courses 
from Newfoundland to Irelnnd, and from Newfoundland 
t.o Portugd via the Azores. In  the study an attempt has 
heen macle to trace the chmges in tlie pressure tlistribu- 

pressure distribution that is not unconimon, and en B eavor 

lnnd to Irelmd. % he time selected is the 24-hour period 

the changes that are likely to occur during the 1:itter part 
of his trip, and this mar  be as much as 20 to 25 hours in 
advance. Here again the meteorologist is assisted by the 
fact that isobaric systems over the ocean are relati.rely 
slow-moving. With t.liis in mind a~id from a detailed 
study of the map before him he ctm construct 11 series of 
mnps showing espected conditiolis a t  iiitervals p f  sis 
houm, for esnmple. From this series of m a p  he is able 
to determine tlie probable wincl concli tions that will pre- 
vail a t  successive points along tlie course a t  the tinics a t  
which the aviator is espectecl to reach those points, these 
times being dependent, of course, on the air-speed of the 
machine and on the agsistaiice furnished by the winds. 

tion by means of intermediate maps, but these are not 
reproduced here. The flight is supposed to start from 
Newfoundland at about 2 p. m., Goth meridian time, or 
about sis hours after the observat,ions charted in figure 
3 were made. About this much time would normally be 
re uired for the receipt and int.erpretation of reports. 

%able 3 gives in some detail the result,s of this study. 
The couise lias been divided into ei ht sections as indi- 

listed in colunin 1 of tlie t d e .  Columns 2 and 3 give 
corresponding bearings and distances ; columns 4 and 5 
comput,ed grdient wind directisns and speed (22) ; 
column 6, the directions t o w d  which the airplane 

c.ated by crosses in the figures an t! these sections AIT 
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1 ......... 
2 ......... 
3 ......... 
4 ......... 
5 ......... 
6 ......... 
7 ......... 
s 

Total 

......... 

should be headed in order to keep to the courses indi- 
cated in column 2; column 7, resultant speeds; and 
column 8,  the time required to cover the successive 
sections of the entire c.ourse, providing the airplane 
maintains a c.onstmt air-speed of 40 in. p. s. 

TABLE 3.-Tinw rrqitird for.fli!yht.fiwi -VeirforordIn~ld to Irclnnd umlw 
certain spcrifird c o d i t  ions of prcssttrr* distn'htinii and rfairplicnc, spiwl 
and control. 1 j I t:rai1irnt winds. I hirplaiw -rT- T(lnsii1t:int T. 

hcsdcd. s lmd.  1 '"". Section. Uering. JXslsllm's. -- , 
! haring. I Speed. 

h-m. (milrai. 
E.E"N.  G20 (3%) 
E.17.N. 375 (2351 
E.13" N. 355 1ZUI 
E.9" N.. 345 1215) 

E.2' N.. 33n (213) 
E.1'8 ... 330 W.5) 
E . Y S  3.15 I2151 

............. 3,040 (1.SW) 

E.5'N.. 340 (31!) 

... 
I I----- ..................... _i .......... I.. ........ .:! 

I I I 

Elre.  
4.3 
2.2 
1.0 
1.7 
1.7 
1.1) 
1 . i  
1.S 

16.9 
-- 

a.lso for the journey by way of the Azores, althou h less 

along the northern route. In general, "favorable " con- 
ditions for the eastward and westward trips along the 
two routes may be thus summarized: 

(a) Newfoundlmd to Ireland: High pressure at lati- 
tudes 35" to 45" N. and low xessure a t  latitudes 55' to 

isobars run nearly parallel to the latitude. 
(h') Newfoundland to Portugal via the Azores: Hi h 

Bermudas with crest estending eastward, and low pres- 
sure at latitude 50" N., central about 1,000 kilometers 
ea8 t of Newfoundland. Under this pressure distribution 
isobars estencl east-southeastward from Newfoundland 
to the Azores, tlienre eastward to Portugal. 

( c )  Ireland to Newfoundlad : Reverse the c.onditions 
given under (0,). 

( d )  Portugal to Newfoundland via the Azores: Re- 
verse the conditions given under (t). 

In all cmes, the greater thc pressure gradient, the 
gren ter would he the wind assistance. Occasionally 

assistance would have been furnished by the win d s than 

65" N. with ases estending 4 rom west to east, so that 

wessure a t  latitudes 30" to 400 N., central near t a e 

Briefly, this table shows that, through the assistance 
given by the winds, the entire trip froni Newfoundland 
to Ireland could have been made in about 17 hours, 
whereas in still air about 21 hours would have been 
required. This period would have been fairly favorable 

there is found a high-pressure area a t  about latitude 
45" N. with its asis extending from west to east. This 
condition would be favorable for bothltlie eastward 
flight by the nortlieim route and tlie',westwardgflight by 
the southern route. An unfavorable-day-for any of the 
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Jmiiwy.  ............................ 
Fchriinrv ............................ 
March. 
April ................................ 
m v  ................................. 
Jniic.. ............................... 
July.. ............................... 
August.. ............................ 
September.. ......................... 
Oclohcr. ............................. 
Nuvember.. 
Drccmher 

Spring:.. ............................. 
Fummcr.. ........................... 
Antumn.. ........................... 
\\.'inter.. ............................ 

.............................. 

......................... ........................... 

journeys would be one on which conditions are the 
reveise of those stated under (u), ( b ) ,  (e) ,  and (d ) ,  respec- 
tively. Another type of pressure distribution unfavor- 
able for all the journeys and one which often occurs, 
especially during winter, is that in which low pressure 
extends as a troughlike depression from north to south 
across both routes. Under this condition winds almost 
at ri h t  angles to an airplane's course would be encoun- 

In order to determine as nearly as possible, the avera e 

espected for the four journeys during cliflercnt niviitlis, 
all of the daily marine synoptic wentlier niaps for tlie 
10-year miocl, 1900 to 1915, inclusive. have been csn.in- 
ined an( classiiied. This classification has been made by 
Messrs. F. G. Tingle and George Paterson of the marine 

paper. Each one inspected about a third of all the 
maps for each month, after liming first compared results 
on a nuniber of ~iiaps ins ected inclelwndently by all 
three. tlint errors of personal 
jud ment have been reduced to a minimum. The basis 
of c f assification is as follows: Bn excellent day is one on 
which assistin winds prevail a t  all points along the route 

more; a good day, one on which assisting minds pre- 
dominate, although head or cross winds prevail part of 
the way, the assistance giving a gain in time of one to 
three hours: fair, one on wliidi the proportion of ftivoring 
winds is slightly greater than that of head or cross minds, 
so t,liat the time required for a flight is nearly the same 
as if there were no winds whatever: ancl poor, one on 
which head or cross winds predominate or one on which . The results of tlie preVail very stormy conditions 
classifica.tion appear in Tal:, e 4. 

TABLE. 4.-Azwa e imnbfr  of days. e:ccclltwt (E.), good (G.),  .fair (.F.), 
cnid . oor P . )  J r  trans-Atla,iitic~li!lht from A Y. i i!lfoiii~dlanrl , io Irfkwd, 
Net , jLx&d to Portu.gai, Irfla.iitl to Nrii~oii:ir~~lniLd, and Yortiigtrl to 
iVtwfoiindland. 

tere f and would materially reduce tlie resultant speecl. 

number of days on which fttvornhle conditions might B je 

section of the Went ? ier Bureau and by the writer of this 

In  this way i t  is be 

so that the a % vantage in time is about t hee  hours or 

15 9 
10 9 
10 
i 
12 11 
10 B 
13 S 
13 R 
9 s 
11 9 
ti e 
11 11 

P 27 
35 23 
2; 3 
31; 29 

?i 

- 

Newfoundland I toIrelmd. 

E. 
- 

0 
0 

0 
0 
0 

0 

0 
0 
0 

3 

I I F. p. 
- 

1 2 2 8  
0 0 2 s  

1 1  1 2 s  
3 8 %  
2 2 2 7  
2 3 2 8  

1 2 s 2 3  
1 1 %  

1 1  1 3 7  
0 0 8 1  
1 1 2 8  
1 0 3 0  

14 18 830 
-___ 

- 

- 
G. 

7 
7 
7 
5 
7 
8 

' 7  
8 
6 
s 
5 
9 

84 

- 

- 

- 

F. 

S 
4 

I 
8 
5 
11 
7 
8 
7 
5 
6 

83 

5 

-_ 
P. 

_ _  
14 
15 
16 
18 
12 
19 
12 
1s 
14 
15 
I9 
14 

153 
_ _  
- 

Ncwfo 
to Pa 

E. 
.- 

7 

- 
E. 

5 
2 
3 
1 
3 
1 
2 
3 
3 
1 
0 
2 

26 

- 

- 

- 

- 
1::. 

- 
3 3  
1 1  
0 3  
0 3  
1 1  
0 2  
1 3  
0 2  
1 2  
0 3  
0 4  
0 2  

2s 
-- 
-- 

- 
G . 

4 
7 
6 
6 
S 
5 
6 
5 
5 
8 
6 
9 

75 

- 

- 

- 

F. 
- 

4 
4 
4 
S 
4 
(I 
8 
7 
6 
5 
6 
5 

67 

- 
P. 

12 
14 
17 
15 
15 
14 
10 
11 
15 
15 
18 
15 

171 

-- 

_- 
- 

January.. ..... 
Fcbniary ...... 
March ......... 

av ........... 
Jurk ........... 
July ........... 
nugust. ....... 
September ..... 
October ........ 
November ..... 
December.. ... 

Annual.. 

Apl . . . . .  ..... 

8 
3 
3 
2 
S 
3 
6 
5 
3 
3 
1 
2 

43 
- 

Dropping from further consideration the two classes 
designated fair and poor and combining the first two 
classes into one group as constituting all of the days that 
are favorable for trans-Atlantic flight, we obtain the 
results indicated in Table 5. 

From these two tables it is at once a parent, as was to 

or the southern course. For the eastward trip, however, 
such assistance may be expected approsimately one- 
third of the time, the percentage of favorable clays being 
slightly greater along the northern route. due to its lyjng 
entirely within thc region of the prevailing westmrrhes. 

be e. ected, that but little assistance P roni winds can be 
gainec T for the westward trip along either the northern 

A detailed study of the data upon whkh these tables are 
based shows that favorable days occur on t,he average 
along the nort.hern route 35 er cent of the time, with 
estremes in different years o?!% and 47 per cent; along 
the southern route the average is 28 per cent, and the 
estremes 30 and 39 er cent. When considering the 
monthly values we finc P very large variations in the same 
months for different years. For esa.mple, in July, 1906, 
there were 2s favorable clays for t,he trip froni Newfound- 
land to Ireland, whereas in July, 1907, there were only 4. 
This a,nd sersral ot.her similar cases give emphasis to the 
st.ilt,ement previously mad? that pressure systems over 
the oceans are slower moving than over the continents. 
Persistence of certain pressure types, with little chmge 
from rlny to day, is a marked characteristic of conditions 
over the Atlantic and should give no little comfort to-an 
aviator who is about to undertake a flight, after having 
waited for days or perhaps weeks for a favorable oppor- 
tunity to start. 

TABLE 5.---li!rrwyc niciiibrr of f h p ,  ?~i071.t~dy, scnso~rcl~ and un?aiial, ,failor- 
abic fiw t r a r r s - d t l n i i l i c . ~ ~ i ~ h t ~ ~ r o n i  iV(~~!:foit.iirllaiid lo Ircluiad? Ntwfoui~d- 
h r d  to Portiigd, I r t h d  to 1Vcc!fozoidland, aid Porticqnl to 1YpwfofolLnd- 
irilla. 

.4nnual.. I 127 1 101 ...................... 

Iroland to 
Newfound- 

land. 

1 
0 
2 
2 
2 
2 
3 
1 
2 
0 
1 
1 

6 
0 
3 
2 

17 

?ortugd to 
Newfound- 

Imd. 

6 
2 
3 

2 
2 
4 
2 
3 
3 
4 
3 

7 
S 

10 
10 

a 

35 

The foregoing classification has been based on the 
assumption that the flying level is about 500 to 1,000 
meters above the surface. At greater altitudes, as 
already shown, the percentage frequency of westerly 
winds ra idly increases and, therefore, the ercentage 

larger, probably increasing to 70 er cent or more at  the 

able days for a westward flight would decrease, although 
it is difficult to imagine a much smaller percentage than 
that indicated in Tables 4 and 5. The whole questpion 
as to the altitude most suitable for flight is still largely 
in the esperimental stage, and the solution depends upon 
3 thorough analysis of the various factors t.hat enter in. 
For example, it  is frequentlg found that the greatest wind 
assistance would be realized at  nn altitude of 5 or even 8 
to 10 kilometers, but, on t,he other hand, the greater 
tenuity of the at<mosphere at  those levels would reduce 
the efficiency of the en ine and the lower temperature 

aviator, thus making such altitudes prohibitive. Prob- 
ably a t  the resent time the most favorable height, all 

and 3 kilometers above the surface for tlie eastivarcl trip 
n.ml about 500 to 1,000 meters for the westward trip. 

It is recognized, of course, t,hat there are other meteoro- 
logical factors, hesilles wind conditions, that enter into 

of favora K le days for an eastward flight woud s become 

3-kilometer level. Conversely, t R e percentage of favor- 

ttncl lack of osygen wou 5 d add to the discomfort of the 

things consic Y ered, for trans-Atlantic flying is between 1 
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the determination of the relative favorableness or unfav- 
orableness of a day for flight, such, for example, tls clouili- 
ness, precipitation, etc.. Esce t in so fur  as litncling is 

mount (and, a t  the present time, at  lea.st, most vitnll 
importance. Cloudiness and precipitation do not extend 
to very great heights over the ocean, because the high 
relative humidity causes condensation at  a lower level 
hero than over the land. As a rule, therefore, nn aviator 
would be able to fly abovc these conditions, pnrticulnrly 
if they covered relatively snidl areas. On some days 
stormy conditions revail over a consitlerable portion of 

graph receding Table 4, have been classed as unfavor- 
able. I n  this connection i t  is interesting, and a t  first 
thought somewhat surprising, to find that the winter 
season shows up so well for eastward flight as com >tired 

whenever conditions w e  fnvora.hlo during that season, 
they are decirledly so, because of the greater strengt.li of 
the prevailing westerlies :it that time of year. Mmy 
day! in suninier, otherwise csrcllent, hare o n l ~  Iiglit mi 1 
variable minds ani1 liare t>liereforc bceii classified CIS fair. 
The transition seasons, s ring :mcl autumn, have, on the 

the other hand, more quiet t1a-p than tloes wint,er. 
Hence, the percentage of farorable days is lcss than 
during the two estreme sen~ons. 

In this paper at,teiition has been conGne(1 for the most 
part to the application of nieteorological condibions over 
the Atlantic Ocean to flight with heavier-thn-air 
mac1:ines. The statements made a.pply cqually well to 
airships. These, however, by reason of their greater 
capacity for fuel, and owing, moreover, to t,he fact that 
they are not clependent on iiiotire power t.o sustain them, 
are capable of remaining in thc air a reltit.irc+ly long time 
and are therefore not so vitxtlly dependent upon favorablc 
wind conditions as are a.irglanes. 

concerned, however, wind is t ?l e one element of para- 

the ocean, and suc P 1 days, as alresily stat.etl in the pma- 

with tlie other seasons, but it shoiilil be remeinberet I that 

one hand, more stormy c 7 ays than does summer a.nd, on 

CONCLUSIONS. 

1. In the present stage of their dovelopment and unt.il 
improvements ive them a much larger cruising radius 
than the now f iave, airplanes can not safely be used for 
trans-AtLntic fli ht  escept under favorable conditions 

2. Observations of conditions over as g e a t  an area as 
possible, and particularly alon and near any proposed 
course, should therefore be ava8able at, as frequent inter- 
vals as possible, t,hese observations to include free-nir ns 
well as surface conditions. 

3. With such observations a t  hand the met,eorologist 
is able quickly to deterniiiie the current mid probable 
future wind conditions along a roposed route and to 
advise an aviator as t80 the suitabihy of n d ~ y  for a flight. 

4. If a day is favorable, the meteorologist is able to 
indicate the successive directions toward which an n.ir- 
plane should be headed in order to keep to any desired 
course; also, to calcuhte the assista.nce that will be 
furnished by the winds. 

5. Inspection of miirine meat.her maps shows that a t  
an alt.itude of 500 to 1,000 met,ers condit.ions are favor- 
able for an eastward t,rip approxima.tcly one-third of the 
time, the ercentage being slightly greatcr along the 
northern t B an along thho southern route. At greater 
Jt,itudes the percent,nge of fttvorable days materially 
increases, especially along t,he northern route. For tho 
westwnrd trip the percentage of favorable .days is. so 
small ,as to make trnm-At.lnntic flight in t,liis direction 

of wind and weat P ier. 
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impract,icable until the cruising radius of aircraf t is 
increased to such an estent that t,lieg are relatively inde- 
pendent of wind conditions. 

6. All things c,onsidereil, conditions for an eastward 
flight are most favorable along the northern course; for a 
westward flight they are most favorable along the s0ut.h- 
c ~ n  c.ourse : thatr is, the prevailing westerlies are less 
persist.ent along t.his course than farther north. 
7. There seems to be little choice as to season, for, 

although the prevailing westerlies. are stronger in winter 
t,han in summer, yet on the other hand, stormy concli- 
t’iona are more prevalent in winter, and the net result is 
about an equal percentage of favorable cllnys in the two 
seasons. Moreover, tlie greater fog percenta.ge in sumnicr 
just about offsets t.he greater percentage of c.loudiness in 
wintcr. Fog is a tlisa(:lvanta.ge chiefiv because of its 
interference in making Observations with drift indicators. 
The Nemfountllnncl fogs in general .are of small vcrticd 
extent and do not, extend far inlsnd. They should not, 
therefore, prove a hindrance to liincling, if the landing 
field is lociitecl some distance from the coast. 
8. Most iiiiportant of all. there is need for a compre- 

hensive cam pnign of meteorological and aerological ob- 
servations over the North Atlantic (23) in order that 
aviators may he given data for whose accuracythe 
meteorologist need not hesitate t.o vouch, instead of 
infornia.t,ion based on so small a number of observations, 
part,icularly of free air conditions, t’liat the deductions, 
inc.lucling some of t,hose in this paper, are assumed and 
not, proved, are given with caution, and are “subject to 
change without notice.” 

REFEREKCES. 

1. Reclus. Berget e t  Capazza. La Traversbe ACrienne de  1’Atlan- 
t.ique. 1’ACroplrile. 15 Mam, 1914. p. 1%. 

2. Rotch, A. L., and Palmer, A. H. (.:harts of the atmosphere for 
Aernnauts and Aviators. 1911. 

3. Pilnt Charts of the Nort.h Atl@ic Ocean. Pul~lislied monthly by 
t.he Hylrogra >hic Ofice. U. 8. Navy. 

4. Bartholomew, 1. G .  Atlasof Metenrologv. 1Y99. 
5. Hann, Julius. Handbuch der Klimatologie. Band 111. 1911. 
6. Shaw, Sir Napier. The Weat.lier of Qe British C a d s .  
7. Taylor, Ci. 1. Report on Meteorologicsl Observations. Part of 

“Repnrt on t.he work carrictl nut. I)?. t.he S. S. Sf.wtr’n.” 1913. 
(Reviewed in  Geog. Rev., Dec. l9lS, pp. 536487.) 

8. Blair, Wm. R., and Wood. C. S. Meteorological Observations 
on Dnarcrd the U. S. Chst Guard cut,ter Soircrr. 1915. Monthly 
Weather Review Su Jplenient No. 3 (.4eruli>&y No. 1 J ,  19lk 

9. Blair, Win. R. Five-+ear Summary of Free-Air Data a t  Mount 
Xeather. Va. Bulletin of t,he Mount Weather Observatory. 

191s. 

IO. 

I I .  

12. 

13. 

14. 
15. 

16. 

17. 
IS. 

19. 

20. 

Vt11. 6. 1914. 

National Advisory C:oniniittce for dernnautics. 
Blair, Wrn. R. Meteorology and Aeronautics. Report No. 13, 

Greer. W. R. Mean Values of Free-Air Barometric and Vauor 
1917. 

PFGsures. Temperatures, and DenPities over the United StaieR. 
hlonthlv Weather Review. January. 191s. 

Gregg, w. R. The Turning of Winds with Altitude. Monthly 
iceifher Review. January, 191s. 

Clayton. H. H. Diurnal and Annual Periods of Temperature, 
Hiiniirlitv. c.ti-. Annals of the Astrnnnniiral Observztorv of 
Harvard Golle e Voi. LVIII. Part 1.1904. 

Patterson, J. %pper-Air Investigation in Canada. Part 1, 1915. 
Meteoroloeical O m .  The Comnuter’s Handbook. M. 0. 23 ,  

Sertion 11. 1917. 
Wagner, Arthur. Die Temper;~turverhiiltniPse in der freien 

AtniosphiirP. neitrige zur Physik der freien Atniosphare. 
l!)lO. 

Lin ke, Franz. Aeronautische Meteorologie. 1911. 
Wells, P. V., and Thuras, A. L. Report of an Investi tion of 

F.\g in  the Vicinity of the (;rand Banks of Newfoundlan8n 1915. 
Intern~tional Ice Ohserwtim and Ire Patrol Service in the 
NIIrtli .4tlantic Ocean. I T .  S. Cnaet (;narc1 RulletinNo. 5 .  1916. 

( kpnization et fnnrtionnenient des eections de sondages par le 
mi. Service hfEtboroln ique aur  Armee,s. Paris. 1918. 

Teisserence de Bort e t  1. L. Rotch. Etude de 1’Atrnosphhre 
3Izriiie par SSondaRps -4Crienv. Atlantique Jfoyen et  RCgion 
Tnlc~tro] ,ivale, 1909. 



FEBRUARY, 1919. MONTHLY WEATHER REVIEW. 75 

21. Marvin. C. F. The Flight of Aircraft and the Deflective Influence 25. Tucker. Frank T. Winds and the Trans-Atlantic Flight. 
of the Earth’s Rotati&. Monthly Keather Review, this issue, A,li.iritioon. February 15, 1919. 
p. 75. 26. Trana--4tlantic Flight Number of Flying.  July, 1918. 

Appendix. In Journal of the Fmnklin Instititle. 1917-15. ruary 19. 1919. 

” 

22. Humphreys, W. J. Physics of the Air. Clnpter VI11 and 27. Possibilities of Amhip Transport Services. Aeronnirtirs. Feb- 

23. Sr-iedfiic Anieriem. Editorial: The Doubtful Factors in the 28. D’Orcv. Baron Ladislas. Possibilities and C‘ondit.ions of Crossing 
Proidem of Trans-At.lantic Flight.. itlarch 1, 1919. 

SUPPLEMENTARY BIBLIOQRAPHY. 

24. Riach, M. A. S. Atlantic Flight. A Matter of Matheniaticd 30. Hobbs, William H. A proposed aeroplane route across the 
Analysis. Seientt‘fic A.mricanli Sirppln,icnl. January l P ,  1919. Atlantic. Flying, Apr. 1919, p. 243. 

THE FLIGHT OF AIBCBAFT AND THE DEFLECTIVE INFLUENCE OF THE EARTH’S BOTATION. 

By CHARLES F. MARVIN, Chief of Westher Bureitu. 

[Paper presented before thG Philosophical Society of Washington, March 29,1919.] 

It is well known that objects moving freely over the 
earth’s surface are deflecbed constantly to the right by a 
force given by the equation 

.f = 2 m. ti w sin tp (1 1 

in which mn.=niass of the body, t i  its relocity, w = the 
nngular velocity of the earth’s rotation, and tp the 
latitude. For each grani of matter moving a t  airplane 
speeds, say, 90 miles per hour (4,000 cni. p. 5.1 and a t  
latitude 50’ the force is, 

27r 
j -  2 x 4,000 ~6164 sin tp= .447 dynes. 

\+;---- 
I I I I 

to coume, oii1.y presently again to be found off COUKW. 
These o >crations of rect,ifying the flight of the craft are 

result that t,he craft practically follows the line a.S.  
The short arrows in figure 1 indicate the successive posi- 

tions and alignment of the axis of the machine just after 
t.he course has been rectified. The axis of the machine 
is defined bo be a line through t>he center of mass which 
coincides wit:h the instantaneous path of that center 
when t,he mnc.hine is flying normally t,hrough a st,at,ionary 
atmosphere over a stationary eart,h, or over the rotating 
earth ncar the Equator. 

With the enlarged arrow in figure 1 is shown the hori- 
zontal force F which is the resultant of all the horizontal 

repeatec 1 niuny times on a long course, with the supposcd 

An aircraft is a body subject to such an influence 
even though its course be c.ontiauously controlled by a 
pilot and it is interesting to ascertain the quantitative 
effects of this small force under practical conditions of 
flight, as, for example, over trackless wastes where 

ositions must be determined from the compass aided 
gy processes of dead reckoning. For this sbudy we Carl 
entirely disregard the influence of any winds or similar 
atniospheric motions, because if the conditions are 
known these effects can d lie accounted for separately 
and on their own merits. Such effects on our aircraft 

uite independent of the deflect.ive influences with 

wish now to consider are such as might be observed in 
still air. 

To ascertain how the deflective influence niodifies t’he 
course of an aircraft it is necessafy tao inake some assunip- 
tions tw to how it is directed and controlled. For this 
purpose we assume a pilot desires to fly from a t,o S 
(fi . 1 ) .  The conipass direction of .X from a is supposecl 
f d y  known, that is, d corrections, T-nrintions, errors, 
etc., are duly accounted for. 

The ilot is assuniod to set his cntft t,rue to course. 

shows him his craft is headed a greater or less angular 
amount away from course. The c rd t  is again set true 

wliic are i? alone we are now concerned. The actions UT 

Presen s y, however, close attention to thc coiiipass 

mot,or or air forces, resistances and reactions to which the 
machine is subject when in horizontal flight at a uniform 
velocity. The other force .f represents the deflecting 
force due to the earth’s rotation. If F and f are opposite 
ant1 equal t8he p t r h  of the plane will he rigorously a 
st<raight line,-+ eat circle. 

wishes to execute a relatively short 
turn the pilot has no control over, or knowled e of the 

to t,he right or the left of the course in an entirely acci- 
dental manner. When the pilot sets his craft on a 
straight-away course he imagines the force F is zero, 
and in occasiond ca.ses this may be true. In eneral, 
however, E’ will havo a finite value which, afthoiyh 
relative1 s m d ,  will generall be several times the va ue 

in d cases and swerve the nuwhine to the right or the 
left of t.he course somewhat as shown in figure 1. 

In so far  as the force F itself is concerned, it is be- 
lieved we mcty properly assume that its nature is such 
t.1ia.t erturhations from course due to it are quite acci- 
dent$, and in the many rectifications which must be 
made in any case t.he influences of F will tend to be auto- 
mnticdy eliminated or aver ed out. That is, ZP 

tinually tends to be zero. Accordingly, in a long flight 

Except when 

residual force P or the direc.tion of its action, w f ich falls 

of .f. T r le larger force will t K erefore dominate the flight 

for even a coniparativcly sm 3 number of casea con- 


